The use of plants to treat chronic diseases is part of an ancient Moroccan tradition. This study will present the first relevant documentation on medicinal plants used in the treatment of hypertension in Tarfaya province. This study aimed to collect and document information on medicinal plants traditionally used by the local population of Tarfaya province for the treatment of hypertension. Ethnobotanical surveys were conducted using 150 questionnaires in the study area. Documented data were evaluated using the quantitative ethno-botanical indices of frequency citation (FC) and Relative Frequency of Citation (RFC). The results obtained allowed to inventory 52 species of medicinal plants belonging to 29 families traditionally used against hypertension. The species were rich in diverse chemical constituents. The most cited families are Lamiaceae (9 species), Apiaceae (5 species), Compositae (3 species), Leguminosae (3 species) and Myrtaceae (3 species). Ten plants are reported for the first time as used in the treatment of hypertension. The most cited plant species are Allium sativum (RFC = 0.28), Allium cepa (RFC = 0.2), Olea europaea (RFC = 0.18), Searsia tripartita (RFC = 0.16), Ammodaucus leucotrichus (RFC = 0.15) and Myrtus communis (RFC = 0.15). Leaves were the most used organs. The decoction was the dominant method of preparation. This study showed that the inhabitants of Tarfaya use a wide variety of plants for the treatment of hypertension. This work is a source of information that can serve as a basis for phytochemists and pharmacologists interested in research on plants with antihypertensive effect.
Introduction
Cardiovascular diseases are the largest cause of mortality worldwide, in both developed and developing countries. The number of adults with increased blood pressure from 594 million in 1975 to 1.13 billion in 2015, with the increase in low-and-middle income countries [1] . Many people in developing countries do not seek treatment for hypertension that could significantly reduce the risk of death or disability due to heart disease or stroke [2] . In these countries, social factors such as low level of education, lack of housing and unemployment with other risk factors have led to an increased prevalence of hypertension [3] . Population growth, the harmful use of alcohol, the increase in saturated fat consumption, the reduction of fiber consumption, obesity, reduced physical activity, the stress of modern life, have a negative impact on behavioral risk factors, which could influence the development of hypertension [3, 4] .
A person with a pressure equal to or more than 140/90 mm Hg suffers from high blood pressure [5, 6] . Its frequency increases with age, but nowadays it affects younger population too. When not properly controlled, its consequences can be very serious such as stroke, and other cardiovascular complications [7] .
In fact, one of three people in the world suffers from hypertension [6] . Hypertension in Morocco affects more than 34% of adults over the age of 20 and 53.8% of people over 40 and 72.2% of those aged 65 and over [4] .
Currently, there are several types of antihypertensive drugs with various mechanisms of action. Although they are effective, some of them have side effects and in some cases they are unavailable to people in rural areas who have difficulty accessing medications [7] . Therefore, the use of traditional medicine for the treatment of hypertension is a very common practice in African countries and several investigations have targeted the discovery of new hypotensive agents from plants [2] . The best use of medicinal plants is through ethnobotanical surveys which make it possible to draw up a list of plant species used in traditional medicine by the population [8] . This type of knowledge has a real cultural value and may eventually allow the development of new pharmaceutical drugs. Ethnobotanical surveys conducted in different regions of Morocco have shown that several plant species are used in the traditional treatment of hypertension [4, [9] [10] [11] [12] . Therefore, an ethnobotanical survey was carried out in the province of Tarfaya to collect as much information as possible about how to use and exploit plants in the traditional treatment of hypertension in order to valorize them, to keep and use them in a rational way.
Materials and Methods

Study area
The province of Tarfaya is located in southern Morocco. It is bounded on the north by the province of Tan-Tan, on the south by the province of Laayoune, on the east by the province of Smara, on the west by the Atlantic Ocean. This region covers an area of 15450 km2 with a population of 13082 inhabitants (Fig. 1) .
The province is characterized by a semi-arid climate marked by the scarcity of rainfall. Rainfall amounts are generally low and unevenly distributed over the province. This rainfall is generally less than 60 mm / year. In the province, temperatures are moderate and influenced by the proximity of the Atlantic Ocean, generally around 30 ° C in summer and 20 ° C in winter, and there are not large annual variations.
Fig. 1. Location of study area
In terms of vegetation, the province is characterized by some isolated tufts or solitary trees; The appearance is that of a landscape left bare, covered only by some herbs that grow after the occasional rainfall.
The province of Tarfaya has significant economic potential, particularly in the sectors of sea fishing, livestock, tourism and renewable energy. While its potential in agriculture is very limited because of the unfavorable weather conditions. On the other hand, Overgrazing is practiced in the province because of the nomadic life that has marked the lives of the local population. The herd consists mainly of goats, sheep and camels.
Ethnobotanical survey
This work was carried out on the basis of ethnobotanical surveys to gather as much information as possible on the floristic diversity and therapeutic uses of medicinal plants used in the treatment of hypertension in the province of Tarfaya.
In a random sample of 150 people, the population of Tarfaya province was surveyed between August 2018 and December 2018. Using a questionnaire, the surveys collected information on the profile of the people surveyed (age, sex, level of education, family situation, and origin of the information) and to collect precise information on the therapeutic practices used by the population of this province in the treatment of hypertension, in particular the vernacular name of each species, the parts of the plant used and the method of preparation. The time spent on each interview was approximately one hour and all interviewees were informed about the purpose of this study.
In addition, medicinal plants have been identified by the bootanists of the Laboratory of Biotechnology and Valorization of Natural Resources (LBVRN), Faculty of Sciences, Ibn Zohr University, Agadir, with the help of the standard floras of the area and the online database (www.theplantlist.org). Voucher specimens were prepared for all plants and deposited at the herbarium of our laboratory.
The information on the ethnobotany records was transferred to a database, processed and analyzed to obtain standardized data. The phytotherapeutic importance of each species was assessed by calculating the Relative Frequency of Citation (RFC = number of citations of a species / total number of respondents).
RFC = FC / N (0 <RFC <1)
Results and Discussion
Demographic features
Ethnobotanical surveys conducted in the field made it possible to interview 150 people ( Table 1) , 56.7 % of whom were female compared to 43.3% of men. Similarly, the results show that it is women who use medicinal plants much more than men. These results confirm the results of other ethnobotanical studies conducted nationally [9] [10] [11] [12] [13] [14] . This is an indicator of women's attachment to traditional knowledge [9, 11] .
Analysis of the data obtained showed that the age of the respondents varied between 22 and 80 years, with a majority of the age group [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] at 34%. Then come the age groups [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] , [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] , [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] and finally those over 61, with a rate of 26%, 18.7%, 11.3% and 10% respectively. On the one hand, this could be explained by the ignorance of the traditional medicinal uses of plants by the younger generation. On the other hand, the loss of memory and ancestral know-how among the elderly. The knowledge of the uses of medicinal plants and their properties are generally acquired after a long experience accumulated and transmitted from one generation to another. The transmission of this knowledge is in danger at present because it is not always assured [15] . Previous studies have shown that the use of medicinal plants is greater among age groups between 30 and 60 years of age and have reported that these age groups are more prone to heart disease [4, 10, 12] .
In this region, the majority of users of medicinal plants are illiterate with a rate of 53.3%. This reflects the low level of schooling of the local population. People with primary education level have a percentage of 32.6% while people with secondary and university level use very little medicinal plants with a rate of respectively 11.3% and 2.7%.
Most of the respondents, 69.3%, reported having acquired knowledge in a hereditary way. Herbalists are ranked as the second source of information (22.7%). These percentages reflect the image of the transmission of traditional practices from one generation to another. 
Diversity of medicinal plants and their applications
The study of medicinal plants made it possible to identify 52 species belonging to 29 families ( Table 2 ). The most represented families are Lamiaceae (9 species) and Apiaceae (5 species), followed by Compositae, Leguminosae and Myrtaceae (3 species). The remaining families have only one or two species. The high representativeness of these families has also been noted in ethnobotanical surveys conducted in other regions of the country [4, 10] .
In our study, the most cited species for the treatment of hypertension are Allium sativum (RFC = 0.28), Allium cepa (RFC = 0. [4, 10, 11] in Algeria [16] , in Nigeria [17] and in Pakistan [18] . These plants include Olea europaea, Myrtus communis, Carum carvi, Petroselinum crispum, Citrullus colocynthis and Mentha pulegium. The antihypertensive activity of some plants has also been experimentally proven. This is the case of Allium sativum [19, 20] of Coriandrum sativum [21] , of Lepidium sativum [22] , of Pistacia lentiscus [23] and Olea europaea [24] .
The comparison of our results with those of other ethnobotanical surveys in neighboring regions showed that ten plant species (Acacia senegal, Adansonia digitata, Ammodaucus leucotrichus, Atriplex halimus, Lawsonia inermis, Mesembryanthemum cryptanthum, Saussurea costus, Searsia tripartita, Solanum lycopersicum and Ziziphus lotus) have been cited for the first time to treat hypertension.
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Vol. 14 Single-species remedies are mostly represented in relation to multi-species remedies. This preponderance is to the advantage of the patients because the mixing of plants is sometimes toxic that 30% of the fatal accidents in Africa are due to intoxications due to plants [26] . Indeed, these intoxications are sometimes the result of confusion with another plant or a lack of knowledge of the side effects of the plant as well as ignorance of the methods of their use, including the methods of preparation and recommended doses. The use of medicinal plants must be rationalized to take advantage of them and avoid risks. Therefore, we need more studies to achieve these goals.
Through pharmacological and phytochemical assays, the activities claimed by the present ethnobotanical study were already confirmed for several species listed by our respondents ( Table 3) . These results, which confirm the biological activity of these plants, explain the knowledge and practices in herbal medicine acquired by the inhabitants of the province. In fact, this research opens up new and interesting perspectives in the search for new therapeutic means, which can thus bring effective solutions by the manufacture of medicines sold in pharmacy for people suffering from hypertension International Journal of Pharmacology, Phytochemistry and Ethnomedicine Vol. 14 Antioxidant, antibacterial, antiviral and hypoglycaemic [35, 36] 4
Allium cepa Amaryllidaceae
Quercetin, cycloalliin, S-methyl-Lcysteine, S-propyl-L-cysteine Sulfoxide, N-acetylcysteine, alliuocide, dimethyl trisulfide, Smethyl-L-cysteine sulfoxide, quercetin-3,4'-di-O-β-D-glucoside, quercetin-4'-O-β-D-glucoside, and isorhamnetin-4'-O-β-D-glucoside [37, 38] Antioxidant, antimicrobial and antidiabetic [37, 39] Ammodaucus leucotrichus Apiaceae Perillaldehyde, limonene, perilla alcohol, methyl perillate and shybinol [48, 49] Antihyperglycemic, antibacterial and antimicrobial [50] [51] [52] 8
Artemisia absinthium Compositae (E)-β-farnesene, (Z)-en-yndicycloether, (Z)-β-ocimene, alphapinene, sabinene, beta-pinene, alphaphellandrene, p-cymene and chamazulene. Alpha-phellandrene,
and chamazulene [5, 53] Antibacterial, anticancer, antioxidant, anthelmintic and antifungal [54] [55] [56] 9
Artemisia herba-alba Compositae
Camphor, α-thujone, chrysanthenone, trans-sabinyl acetate, 1,8-cineole and β-thujone, [57, 58] Antibacterial, anticancer, antiinflammatory and antioxidant [59, 60] 10 Atriplex halimus Amaranthaceae Anti-oxidant, antiinflammatory, anticancer, antibacterial , anti-ulcer and antimicrobial, [108, 109] 24 Lepidium sativum Brassicaceae 5,6-dimethoxy-2',3'-methylenedioxy-7-C-β-d-gluco-pyranosyl, 7-hydroxy-4',5,6-trimethoxyisoflavone, 7hydroxy-5,6-dimethoxy-2',3'methylenedioxyisoflavone, [110, 111] Hypoglycaemic, antihypertensive, prokinetic and laxative [22, 112, 113] 25 [139, 140] Antidiabetic, antioxidant and antimicrobial [141, 142] 
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Origanum compactum Lamiaceae b-Myrcene, a-Phellandrene, a-Terpinene, Limonene, 1,8-Cineole, b-Phellandrene, g-Terpinene, 3-Octanone, P-Cymene, Terpinolene, 1-Octen-3-ol, Trans-thuyanol, Camphre, Linalol, Cis-thuyanol, Terpinene-4-ol, b-Caryophyllene, Pulegone, a-Humulene, Neral, a-Terpineol, Borneol, b-Bisabolene, d-Cadinene, g-Cadinene, P-Cymene-8-ol, Piperitenone, Caryophyllene, oxide, Thymol and Carvacrol. [143, 144] Antibacterial, antioxidant and antileishmanial, antimicrobial, antifungal, antibacterial, antimutagenic, cytotoxic, anticancer, antidermatophytes and anticorrosion [143, 145] 35
Origanum majorana Lamiaceae
Terpinen-4-ol, cis-sabinene hydrate, p-cymene, γ-terpinene, trans-sabinene and linalool [146, 147] Antifungal, antioxidant and antibacterial [148] [149] [150] 36
Peganum harmala Nitrariaceae Tetradecanoic, pentadecanoic, tridecanoic, hexadecanoic, heptadecanoic, octadecanoic acids, 12-methyl tetradecanoic, 5,9,13trimethyl tetradecanoic and 2-methyl octadecanoic [151] Antibacterial and antifungal, anti-oxidant, anti-cancer and antiinflammatory [60, 152] 37 [190, 191] Antioxidant, anti-arthritic, haemato-protective and anticancer [192] [193] [194] [195, 196] Anti-diabetic, cardiovascular, antiinflammatory and antibacterial [197, 198] 51
Zea mays Poaceae
Tricin, salcolin A, salcolin B, Cglycoside, chrysoeriol 6-C-betaboivinopyranosyl-7-O-betaglucopyranoside, and a known flavone C-glycoside [199, 200] Aphrodisiac, antimalarial and antiplasmodial [201, 202] 52
Ziziphus lotus Rhamnaceae
Oleic acid, linoleic, palmitic, elaidic acid, threonine, glutamic acid, leucine, arginine and aspartic acid [203, 204] Antiradical, antioxidant and antimicrobial [203, 205] Plant parts used, mode of preparation and administration A total of 11 parts of plants are used including leaf, seed, aerial part, fruit, bulb, root, Stem, gum, clove, chalices of flowers and stigma. The percentage of use of these different parts shows that the most used part of the plant is the leaf, with a percentage of 32.7% (Fig. 2) . Several previous ethnobotanical studies have shown the predominance of leaves in the preparation of various herbal remedies [206] [207] [208] . The high frequency of use of leaves can be explained by the ease of identification and the speed of harvest [209] , but also by the fact that they are the site of photosynthesis and storage of plants bioactive phytochemicals [210, 211] 
Fig. 2. Plant parts used (%)
The most common methods of use are classified as follows: decoction, infusion, powder and maceration with respectively 46.1%; 21.1%; 19.2%; 5.8% (Fig. 3) . Our results are in agreement with other studies conducted throughout Morocco [212, 213] . Herbal medicine is a rational use of medicinal plants. Rigorous selection of the most effective method of preparation to ensure the preservation of all properties while allowing the extraction and assimilation of active ingredients [214, 215] 
Conclusion
This study allowed us to inventory and identify 52 species of plants belonging to 29 families used in the province of Tarfaya to treat hypertension. Among the most commonly used species are Allium sativum, Allium cepa, Olea europaea, Searsia tripartita, Ammodaucus leucotrichus, Myrtus communis and Carum carvi. The results of the study also showed that the frequency of plant use is very much related to the profile of the people surveyed. The illiterates predominate with a rate of 53.3%. Women and men have knowledge and practices in herbal medicine with an advantage for women. The rate among young people aged 21 to 30 is 11.3%, while it is around 34% for people aged 41 to 50. This study also showed that the therapeutic remedies are mainly prepared by the decoction and that the leaf and the seed are the most used parts.
Ultimately, the results of this study could constitute a database for the valorization of medicinal plants in order to discover new natural active ingredients that can be used in pharmacology for the treatment of hypertension.
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